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Historical Evajuition and Research Organization
2233 Wasconsin Avenue, N, W,
Washington 7, D, C,

LS Octrober 1964

Edna} Report on
Hi al 49 Related to on Lethali

This report has been prepared for the Advanced Tactics
Project of the US Army Combat Developments Command by the
Historical Evaluation and Research Organization. It contains
the results of an examination and analysis of the relationship
of weapons and military doctrine in history from the 4th Cen-
tury B.C. to the end of the Xorean War. In noting the charac-
teristics of the interplay among major elements of national
power, the report identifies and examines each of the great
advances in weapon lethality, considers their origins, rele-
vant time lags in their applicaticn, and their impact on the
balance of power, It suggests an approach to the quantifica-
tion of lethality, deriving comparative lethality indices for
major weapcns, and suggesting a numerical relationship between
lethality, mobility, and dispersion,

The report is accompanied and supported by three annexes,
consolidating some 58 individual papers prepared in the process
of the study. Annex I summarizes historical research on weapons
and their interrelation with tactics and doctrine; Annex IT
deals with the technological background of advances in weaponry;
and Annex III contains several analytic studies which were an
imporcant part of the effort.

The report first l-sts, defines, and tersely describes 18
significant advances in lethality, from the long Macedonian
pike (c. 359 B.C.) to the atomic bomb (1945 A.D.). Attention
then focusses on modern lethality advances of the 19th and 20th
Centuries. Their attendant circumstances and their interrela-
tion with tactics, organization, and doctrine are described.

It is noted, for instance, that Napoleonic era weapons (flint-
lock, smoothbore musket, bayonet, and smoothbore muzzle-loading
cannon) were compatable wit! eom':ulporagy tactics, of which

the principal characteristic was the line of infantrymen,




shoulder to shoulder, and “w> <= three files desp. The repurt
then notes that in subsequent decades a series of innovations
slowly but inevitably osutmoded tactics, organization, and doc~
trine based upon tlie concept of this close, formal line of in-
fantrymen. Mor. important of these were the greatly improved,
accurate, lorny~cange rifle of the 1850s, followed by the breech-
loading rifie, the machine gun, the magazine rifle, quick-fir-
ing artillery, and high-explosive shell. The report notes that
there were appreciable time lags between invention and adoption
. of each of these significant increases in lethality, and that
they were not completely assimilated into doctrine until the
concept of the combat team was introduced by the Germans in
1918. The report notes how further refinements in this coricapt,
combined with the imprement of weapons, resulted again in
compatability of weapons and tactics in World War II,

Analysis of this factual material is begun by examining
the origins of major advances in lethality. Tha originators of
new ideas and inventions are not divided significantly between
military men and civilians, but rather between individual in-
ventors, on the one hand, and a team, on the other, with signi-
ficant increases tending more and more to be team efforts based
upon the fundamental idea or ideas of individuals. France,
Germany, Great Britain, and now the United States have been the
sources of the significant advances.

The report distinguishes between (a) the ‘nvention or crea-
tion of a workable prototype, (b) the adoption of a weapon de-
rived from the prototype, and (c) the assimilation of the weapon
into an effective military system. Invention seems always to
have been stimulated by experience in major hostilities, but
accumulations of wartime stocks and understandably dated atti-~
tudes on the part of senior officers have tended to cause a
time lag of 15 to 20 years between invention and adoptiom.

The caport next examing: the process of assimilation.
Confident and effective empliyment of the weapon, and a drop in
‘the user's casualties, sve among the criteria for establishing
the fact of assimilation of a change in lethality, Basic pre-
conditions for assimilation have always included (1) imegi-
native, knowledgeadble lesadership; (2) effective coordination of
national resources; and (3) an opportunity to evaluate combat
experiance. In the 2Cth Century, the second of these may ba
re-defined as the existence of a complex of research institu-
tions and military staffg, which are intercommunicaving and
mutually supporting, and whase efforts are directed towurd a
common goal. The report suggests the desirability of efforts
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to maintain the high leadershio nualities essential to the
first pre-condition by measures - stimulate and enhance mili-
tary creativity. It also suggests the need for improvement of
peacetime testing and evaluation procadures to establish a
worksble peacetime alternative to combat experience, which
heretofore has been the third pre-condition of assirilation.

. The report suggests that throughout history, dave for the
invention and demonstration of the atomic bomb in 1945, the in-
vention of & weapon.has not of itself affected the balance of
power, This has been accomplished militarily only by novel .
tactical systems based on the imiginative use of new or modi-
fied weapons. e effectiveness cf such tactical systems, them-
selves the outward expression of concepts, is much more apt to
result from new ideas than from new weapons. Almost always, it
has been new concepts, rather than new weapons, that have per-
mitted inferior forces tc overcome handicaps in numbers or
equipmant.,

The report develops a basis for calculation of lethality
indices for all weapons in history, from the hand-to-hand imple-
ments ‘of antiquity to nuclear explosives. These lethality
indices permit comparison of the effectiveness of -waapons in
terms. consistent with historical experience. Use of these
indices in relation to actual combat experience in four eras--
the Napoleonic Wars, the Civil War, and World Wars I and II--
has resulted in an expression of a quantitative relationship
between lethality, mobility, and dispersion in combat.

The final chapter of the report concerns itself with the
application of historical experionce to current and future
problems of war, It suggests that study of national and ethnic
patterns of military behavior may persit us to strengthen
greatly the combat effectiveness and morale of our own forces,
and those of our allies, while simultaneously. weakening the
will of an enemy., Considering the problems of <actical nuclear
war in historical perspective, the report notes <hat assimila-
tion of tactical nuclear weapons into a viable-military doc-
trine poses unprecedente. difficulties, It suggests how the
quantifiod relationship between lethality, mobility, and dis-
persion can be a useful tool in evaluation of current or pro-
posed organications and doctrine developed for tactical
nuclear warfare, It smphasizes the need for attention to three
important human factcws which will be greatly affected by
operations in a nuclear environment: morale, survivability,
and lsadership.
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HISTORXCAL TRENDS RELATED T0 WEAPON LETHALITY

A Report prepared for the Advanced Tactics Pioject of
the Combat Developments Command, Headquarters US Army,
under Contract No, DA 30-069~AMC-647(X), dated

August 28, 1964

No statements or opinions expressed in this
report or its annexss are to be interpreted
as reflecting official views of the Army
Combat: Developments Comnand or of any offis
cial of the United States Government

Not tc be quoted at length, ab-
stracted, or reproduced without
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Historical Evaluation and Re-
search Organization

Historical Evalration and Research Urganization
2233 Wisconsin Avenue, N, W,
Washington 7, D, C,

15 October 1964

T T s e et i
>~




HISTORICAL TRENDS RETATE + T0 WEAPON LE"4ALITY

Table of Contents

&
o

BEEE oy o sorw p}n

" INTRODUCTION « « o o

Purpose of Study « ¢ o o ¢ o o o o
Rationale for Structure of Report
Scope and Content .« « - o ¢ o o o
* - Study Participants . ¢ ¢ ¢ o o o ¢

THE MAJOR ADVANCES IN LETHALITY . .
Interrelationship of Lethality and
Effectivenass o« ¢ o ¢ o o ¢ o 3
Definition of Major Advances . . .
Major Advances in Weapon Lethality
AgeOfHuSCIQ o 6 0 0 00 o o 0
Age of Gunpowder . « « o o ¢ o o
Age of Technological Change . .

SIGNIFICANT TACTICAL CHANGES SINCE 1815 .

ORIGINS OF MAJOR ADVANCES IN LETHALITY . . . « .
Basis of Analysis . ¢ o o ¢ ¢ o o o 0o o o o
Time of Origin of Major Advances in Lethality

since 1830 ® L] . L] L] L] L] L] L] L] . L] L] L] e @ L] .
Identity of originamrs ' . L) . L] L] L4 L] L4 [ ] L] L]
Stages in Introducing Hajor Advances in

Lethdlity L] L] [ ] L] L] L] L] L] L] [ ] L] L] . L] L] L] .

THE ASSIMIIATION OF SIGNIFICANT ADVANCES IN
Lgmm . L] L[] . L] L] L] L[] L] L ] L] © * e L] . L] L ]
Adoption: The First Step Toward Assimilation.
Interval Between Adoption and Effective Use .
The Process cf Assimilation of New Weapons

am“ewco“cepts........oooo °

CONCEPTUAL ASPECTS OF WEAPON LETHALITY.. « . « o
Weapons, Tactics, and the Balance of Power . .
Impact of New Concepts on Employment of

Bxisﬁ:lgmmns.......ooooo

N
RN

[
w

N
>

N
(2}

ALAITRNII e 3y T L DONERMIGY ARG W e RIS ae ¢ -

Toas wr




Chapter

VI QUANTIFICATION OF FACTORS RELATED TO WEAPON
wml’m................
Theoretical Lethality Indices « « « o o &
Battlefield Effectiveness of Weapons . . .
Felationship of Lethality, Dispersion, &

mbmty...............

VII LETHALITY AND THE FUTURE . « o o o .o
Problems of Military Behavior . . .o
History and Twctical Nuclear War . . o

VIII CONCLUSIONS AND RECOMMENDATIONS . . -
wm 0000.0.0..0 o o
Pacoamendations . o . ¢ o 0 o oo o o

Appondix- A--Bxtr2ct from Study Divective . o ¢ o o o
Appondix B--Basic Historical and Analytic Studies . . .
. Pagendix Co-Adoption and Assimilation of Major Advances
) dn Weapons Lethality o ¢ o ¢ o o o - 0o
Appesiix B--Ancillary Technological Developments

Affecting Weaporis Lethality . « + « o ¢ o
Appendix E-«Development of Major Ancillary Technical

Develofmants Affecting Weapons Lethality.
Appendix F--Major Lendsased Military Systems and

Sub.ySM!"OinGtory. o * 06 06 0 o o o 0

List of Annexes
* ANNEX VOLUME I--BRSIC HISTOKICAL STUDIES
WNOOQQO'QQOOOOQQ

"he Age of Mugcle
(Paxt A)

mmcmn“‘Pmme.oooooooo
'RE‘mNLEGIG{............

ii




&667789uuu

19
19
20
21
22
23
25
26
27
30
30
31
31
31
33
35
36
36
38
a1
43
44
41
48
50
53
54
57
57
59
59

e & 0 o 0 0 o0 o 0
-
e ¢+ 0 0 0 o0 -0 o o

..e..-\....‘.
e 6 6 46 0 4 & 0°0 0 0 0

e o 0 06 & 0 0 0o 0o & o o
e &

.2 6 06 0 0 0 6 0 0 0o 0 @
e 06 .0606 6 06 0 0 0 0 0 0 o 0
e o 0 0 0 6 0 0 0 0 0 0 @
-0 0 06 0 0 0 0 0 o0 0 0
.
o o

(Paxt B)

@ 6.0 06 06 0 0 06 0 0 0 0 0 0 0

® 0 ¢ & 0 0 0 0 0 0 0 0 0 0 0o ¥ o o
o

m,mof&mmu‘........

.0 0 0 0 09 06 0 0 0 0 0 0 0 0 0 0 000
e 0 2 0 00 0 06 6 0 0 0 0 0 0 0 0 o0

The Mature of the 18th Jentury War
Folard and Saxe, 1704-17%0 -

® @ 0 0 0 00 0 0 0 0,00 0 0 0 0 v 0 0

© 0 06 06 06 6 006 60606 0606 08 0 600 0 v 00
* o

€ 6 0 6 606 0606 06 06 6 0606 065 0 v 0 0 0 0 00

mm................‘.......

Cannon
mnm.nﬂ‘w...............

.mm....'...........'O....-.‘..
French Tactics (1800-1815)

mﬂoo-oo"o-o.o . 0 & ¢ 06 ¢ 06 06 O 0o 0o o o o O

ﬂn\c}‘mh\,%ol\-\".....ao..'.4'..'.....
Light. Infantry
Origin of the Division and the Corpe

Barly EXporimentation o ¢ o o o o o o 0 0 0 0 0 0 0 0 o
The ' "Spanish Square®”
16th Century Artillexy
THE 17th CENTURY
Maurice of Nassau, 1567-1625
Gustavus Molphus, 1594-1632
lmmmlm“ooooooo:oooowoooo-oo
Frederick the Great, 1712-1766
15th CENTURY COMBINED-aARNMS DIVISIOMAL SYSTENM

llrly‘a.fh........................

Rtn'm 6 0 0°070 0 0 0 0 0 06 0 0.0 0 0 0 0 0 0

MW“COMM!..............

Matchlook Arquebus

Cavalry in the West o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 0 6.6 06 ¢ ¢ o

Dyllntinelmz‘dﬂ\lll!‘y....~...........
THE MGNGOL CAVALRY

M...................*.......

Natchlook Musket
Flintlook Musket

MN....0.000000.0000000.00.;0

:

mm“m........ﬁﬂ..........
mYm-...‘......C...‘.....'....

NISE OF INFANIRY; THE CROSSBOW
THE ENGLISH LOMGBOW TACTICAL SYSTEM o ¢ o ¢ ¢ o ¢ ¢ o o o

m.\
m

=

i uedth e S M AL LSk i, M eonai s v et diin oAt e - asatng LItk St




R i A ey A ————— Tl T T KX T S

Logistics L] L] L] . L ] L] L] * L] L] L] L] L[] L] L] L]
Other Eumpoan POWEDS o ¢ ¢ o o o 0 o o o
Wellington and the English Line o o o o o

The Ages of Technological Innovation
(Part C)

THE COMBINED-ARMS DIVISION AFTER NAPOLEON, 1815-1878
Tactice and.Organization . .
Revolution in Weapons . « .
The Operational Recoxt . .

The Crimean War, 1854-1856
The American Civil War, 1861-1865
'ﬂ\. Amm'msm mr’ 1355 o o
The Franco-Prussian War, 1870-1871
Standstill in Tactics and Organisation

VEAPONS, TACTACS, ORGAWIZATION, 1878-1917
Weapons Revolution Accelerated « ¢ « « o
Response of Tactics and Orgenization . .
World War I--Tactics and Weapons Incompatible .
m”mﬁcs e 0 6 0 0 0 0 0 0 2 0 0 0 0

_ GERMAN INNOVATION OF THE COMBAT TEANM, 1917-1918

GERMAN DEVELOPMENT OF THE PANZER DIVISION IN THE

INTERWAR PEX.OD .o

e ®© ) o 9 © o o s o

e © ¢ 6 o © o & o o
e © e © o © o © © o o o o o o
e © © @ © © o o © o O o o o o

ppmlch e o 0 0 0 0 0 &0
ivision in World Wer II

Genecis of Tactical Adr Forces . . ..
Later World War II Tactical Air Developments

mlnlm‘mrm............
Origins of the Airborne Concept . + o« ¢ o
Interwar Development of Airborne Attack Force
Soviet Davelopments . « « o . .
Cerman Work .
German Success
Cerman Failure
Observations .

e ©6 6 © 6 @ 6 06 0 © 0 0 0 o o
e 6 0 @ ol 0o 0 06 A @ @ 0o o o o
e 6 ©6 6 © @ 6 0 @ @ ¢ o 0o o o

- - S——— R




el S EEEEEET P T

¢ o o O

AV AYWOY ¢ ¢ 4 0 4 00 0 0 0 o

L
[

u”’m)............
‘”mem..........

peris

® & 6.0 & & & ¢ 0 06 0 06 0 0 0 0 0 0 0

ing .Process

DEVELOPMENT IN HISTORY

Metallurgy, Chemistry, Sallistics

1.0....’.0.00.040.‘00000

Cannen by the Cast

ANNEX VOLUME IXI--SCIEMCE, TECHNOLOGY, AND WEAPONS

mj.hin’(.’...”.....’.....C.

Operation Galvanic--Taraws and Makin
JOINT OPEFATIONS TASK FORCE SYSTEMS « ¢« ¢ ¢ ¢ o o ¢ ¢ o o

Developments in Doctrine

m’u“t'nmﬁmo € 6 &6 ¢ 6 o & 0 0 0 0 o o o O

mmmw&m.ogoooooooooooooo

Dowwotlh\ﬂmwbocm........
l’m.w.“m..........’....

:
3
;
x
g
§
3
£

The Wrong Way-=Suvla Bay

Joman -Advances in
Uses of Chemistry in Ancient War

THE MEDIEVAL INTSRLUDE (400-1350 A.D,)

THE ANGL)-US LANDING TEAM




7
9

27

nte in Weaponry . o o o
(Part &,

Elsctronic Develor

L]
L]
L]
L]
*
3>
L]
L]
L
*
L]
L]
L]
*
L]
*
L]
L]
L]
L]
3>

The Telegreph

29
30
32
33
33

® & « ¢ & & & 0 0 0 0 o * o o ¢ & 0 o o o

Jephone

™e e

.0000000.000000000000&.00

Redie

Redar .

6 6 06 6 & 8 > & & 0 0 & 0 o 0 0 0 0 0 ) & @

Sniparscope

Nucll-lt Fnexrgy and Weapons

mmwm.....................

35

(M C) s ¢ & ¢ ¢ 0 & o o O o

AEX VOLUME IIZ--COMPAPATIVE AMALYSIS CF m:smms'mnns

A=l

mwﬂ(lu\ix'msl)..............

Geneval

EFFECT OF INCPSASED WBAPON LETMALITY ON THE

A=)
A5
A-6
A-9

BEfects on TOCCECS o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 06 0 0 0 ¢ 00 00
Bffects .on Organisation

ONCONtIoL SYOLOMB « o+ ¢ o ¢ ¢ ¢ ¢ ¢ 0 00 ¢ 0 00 0 v 0

¢ B=

OF MM VBAPONS INTO
TMOTCS (Annex ITI-B)

DEACT OF DMGINATIVE THINKING

C-2

oN MELITARY
m-C)..-.......

DO

OBGANIZATION AND BACTICS (A

D=1

© 06 6 06 0 6 06 & 6 0 ¢ 0 ¢ o 0 & 000 0 o o

(Annex III-D)

EFFECT OF TACTICS .ON DEVELOPMNENT OF WEAPONS
Sarissa

D=1

D-2
D-2
.....................,.M
D-4

mmmm“c‘”ummms +t o 0 0 0 00 0
mmwm......................

M.m.......................
Tank.

Y TP MBI N® MEEE  wt ST GG Ay B e




ON EFFECTIVENESS OF EXISTING WERPONS
(mm"‘)ooooooooooooooao

ORGANISATION FOR DEVELOPMENT OF NEW OR
mmm (mm-l-') ¢ o.0 06 0 0 @

MOMLE, NATIONAL PSYCHOLOGY, AND WEAPGN
mﬂ(‘mm‘c)....‘.*.....

Morele Aepects of Weapon Lethality - « « « »
~ Ethnic, Netional, *n* Jelated Considerations

CATION OF FACTORS BELATED 70 WEAPON
mmuﬂ(mm.s)oooooooooo

{Iﬂmt’-“\ooooooooooooooo
Part One--The Inherent Lathality of Weapons
Theoretioal Considerations . ... ¢ o ¢ o
The Poctors of Lathaldty .« ¢ ¢ o 0o ¢ oo
The Deternination of Theoretical Weapon
Mwmw...........
mm......*...........

Part: Two--Battlefisdd Lethality and Bffectivenses

of Wespons . . ISP
m'ﬁth&:lmtm ¢ o o

Definitions and Asswmptions . .
Mapoleonic War Caloulations . .
Civil War Calculations .« « « «
mm o &6 & &6 & & & o [

Poit ‘Niree--Melationehip of Weapon Lethality
Tastionl P

Indiocs of Weapons tery
Enclosure 2--3'&!1&” Scetistics on Averege lLosses
Enclosure 3--Aver.ge losser in NevicPought Sattles
1630-1011 .

vii




Enclosure 4--Lethality Statisties i,z Selected
' Napclecnic War Battles

Enclosure Se-Lethality Statistics tor Selected
Civil War Battles

Enclosure 6--Composition of Type Forces .

Enclosure 7--Comparison of Theoretical amd Actual
Lethality Figures for 100,000-Man
Type Forces

Enclosure 8--Comparison of Theoretical and Actual
Lethality Figures for Selected Weapons

Enclosure 9--Casualty Factors for the World Wars.

Enclnaure In--Basic Lethality, Dispersion, and
Mobility Factors

EVOLUTION OF THE 10Ssm HOWITZER WEAPON SYSTEM
(lmdm-I)...................

LETHALITY IN TACTICAL MUCLEAR WARFARE (Annex ITI~J) .




Historicel frends Related to Weaspon lethality

Q). umﬁ-wmmemua-
mmmmamm

(3) %o ldemtify a-mocwm ()
the tise lag between tu::\)n-y and deveopment: of effec.
tive matheds of w. (c)a.amemmmm
the existing balence of m;

(€] bmﬂ.m»mwmw.msn
which rew . wsthods of operetion. heve Mﬁuh&n&yd
mtnm;-u

S amwammm
m"mm.um.wdm,umzﬁu

T, T S NP TOUNCL O3 G S DTSN P.Y g < SAUUPIIT OOy (T v e Oy )
o




..M. 3 mmm. .m m
mmmam .&; wn

i mmm
3 w m
mw a_m _m

x_mm

.Mmmm 1k
1 mwM mmum nmﬁum

mmuun

uw_m_




- SwEte CEPE. $SEPE? PPN O B vea:t

(1)

In.addition. five toploal

w 50 different individusl his-

of some

the relationship betwesn science
Thas, the besic bachground

hand, and wespons development, o

- eower «

. 20th

T™wo types of individual historio

aury) ,-and “the m)of Tichnological
h A 8) e *
108X case studies were pre-

each of thase three.eres:
g lengths.
show
ists

'L _Wu i;
Wi HN
ekl £ U NPT
§§ 1] 53l m d2
H R T e

B
.mm
3

il

has bean

|

pered _for




of the individual case studies in this area. Annex IIXI (Compara-
tive Analysis of Historical Studicr., performs the same function
in presenting « number of the individual analytical studies in
consolidated form. All of the individual studies themselves are
available for reference purposes in the HERO Library and are
1isted separately in Appendix B,

This analysis has largely--although not complately--ignored
Russian experience, both bafore and after the Russian lution
of 1917. This was not a deliberate omission and calls for explan- -
ation. During Tearist times the Russians attempted few funda-
mental military innovations; their technology did not begin to
cowpare with those of Germany, France, ard Britain. And whils
a number of lessons can bs drawn from Russian.experience in the
Crimean, Russo-Turkish (1i77-1878), Russo-Japanese, and First
World Wars, most of these lassons are negative, or else werely
duplicate or reinforce lessons of other wars more susosptible
to research and analysis. As to Sovist experience, invest
tion of which we believe might prove more rewerding, information
is both limited and scattered; more tiss
for such investigetion than have been possidle in the time

ion.of this stidy

Listed bDelow ave all participents in this study of "Histori-
cal Trends Relating to Weapon lethality,” including authors of
individual studies, as well as those hava served in a consul-
tant, review, or editorial capacity:

Orvil A. Anderron, Msj. General, USAF, Ret.; Special

Consultant

Mersaali Andrews, Historian and journalist; HERO Associate

R. Brnest Dupuy, Colonel, USA, Ret.; HERO Staff Asscoiate

Trevor N, Dupuy, Colonal, USA, Ret.; HERO Executive Director

Chester V. Basum, Emeritus Professor of History, University
of Wisconsin; Special Consultant

Stanley L. Falk, Historisn, Industrial College of the Arwed
Poroes; HERO Associate

Sidney F. Giffin, B.ig., General, USAF, Ret., Institute for
Defense 3 Spec ant

Analyses; il Consult
Pdwerd 8. Gilfillan, Jr., Professor of Nuclear Enginserirg,
Lowell Techrological Institute; Special Consultant
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Grace P, Hayes; IERO Resuavr-.a Staff Member
Gay M, Hasmerman; HERO Research Staff Member
Trumbull Higgins, Historian; Associate
Samuel P. Huntington, Professor of Govermment, Harvard
University; HERO Associate -
Melvin M, Johnson, Jr., Johnson Guns, Inc.; Special
Consultant
w.”nueonmtpaeh, Professor of Law, Hervard University; HERO
sociate .
Richard M. Leighton, Historian, Industrial College of the
Amed Forces; HERO Associate
S. L. A, Marshall, Brig. Gencral, USAR, Ret.; Special
Consultant
John A, Mathews, 1L.. Colonel, USAF, Ret.; Special Consultant
Mj-in s. &.ick’ cohml’ m’ m.’ mf.‘w Of M"
anical Engineering, University of Arizona; Special
Consultant
Io:.:u llowreon, Professor of History, Dartmouth Colleges HENO ,
soc
Wiodsimiers Onacewics, Lecturer in History and Govermment,
Georgetown University; HERO Staff Associate
Peter Paret, Professor of History, University of California;
"' Pouot.\y Direc I Studie
3 ’ tor, International ] ’
mmﬂmm of War, Revolution and Peace; %u-
sociate
Harold L. Peterson, Historian, National Park Service;
Special Consultant
Wm, Professor of History, Duke University;
sociate
Gunther E. Rothenberg, Professor of History, University of
New Mexico; HERO Associate
C. R.Mt, cohml’ USR, x‘to’ Th‘ m cm-
tion; Special Consultant
Samuel R, Shaw, Brig. GCansral, ‘USMC, Rci.; Special Consultant
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Chapter 1

THE MAJOR ADVANCES IN LETHALITY

Intemhtiomhig of Isthality and
t bitectiveness

For ths purposes of this study, the Advancad Tactics Fro-
ect (AVIAC) has defined lethality as "the inherent capability
a given weapon to kill personnel or make materiel ineffective
a given period, where capability includes the factors of vea-
s Tate fice, accuracy, radius of effects, and battle-
dlity. "+ It is important to distinguish lethality from
effectiveness, which has been assumed by this study to be
probability of obtaining a desired result in combat.

The inherent capability of a weapon is not a simple thing
assess. Various combinations of men and ideas applied to a
weapon may oome successively closer to a full exploitation
inherent capability, yet one can never be sure that a
better cowmbination may not develop even more of the poten-
. lethality, as dsfined by AVTAC, thus comprizes a kind of
limit, which can be approached ever more closely
but which is never reached this side of infinity. Combat effec-
tiveness, though somevhat easier to visualize, is even more
difficult to measure, since it results from applying varying
conbinations of men, ideas, and weapons to different military
situacions. .

The tank of 1316 wss a relatively lethal weapon, yeC in the
hands of its users of 1916 it was not very effective, Poison
gas was most effective in temporarily incapacitating individuals
and units in combat in World War I. Yet only some 4% of those
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1. Letter dated July 24, 1964, from Maj. Gen, T. H,
Lipscomd, USA, Chairman, AVIAC.
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who breathed of it died, as against a corresponding figure of 23%2
mortality for US ground troops hit by weapon fire in World Wer I.
Gas was not highly lethal.

Moreover, lethality and combat effectiveness are not dir-
actly prooortionate, although often parallel in relationship.
Thus, the German Army and its supporting air arm in 1940 werc so
effective as to overrun Frarce, Holland, and Belgiwm and force
the British Expeditionary Forces off the continent, all within
a space of six weeks. Yet Allied deud totaled only some 120,000.3
in their great 1918 offensives, the Gerwans killed about 185,000
French troops, and killed, wounded, and captured 418,374 British:
yeot thaiuoffmivu failsd after gains measured in a few tans
of miles.®  irect comparisons of this sort may be dangerously
nisleading unless parameters of comparison--to include considera-
tions of time, space, and nusbers--are established in advance.

Last of all, it must be noted that high casualty figures
_reflect not only ths lethality of the weapon inflicting them: but
also the tactics employed on both sides. In the lirst day of
the World -War I Battle of the Sowme the British advancad in care-
fully dressed lines, upright. At the end of that day they had

lost 60,000 wen killed, wounded, or prisoners. One of their
divisions in two hours lost 218 of 300 offiocers and 5,274 enlisted
asn of 8,500 who had attacked.5 The Germans had similar losses
in some of their attacks on Verdun. Therefore, in discuseing the
major advances in lsthality of weapons, it is -necessary to go on
to discuss the tactics and organisation that most successfully
exploited their lsthality, and thus were most effective Zn combat.
It is also necessary to consider the tactics employed by the

- ot e ey

2. The two figures are cited only to show the real difference
between gas and other weapons &s a killer, no: as a basis for
_statistical comparison. The reader interestsd in the problem
involved in the statistical analysis of combat mortality is re-
ferred to Gilbert W, Beebe and liichael E. De bakey, 1le Casual-
ties, Springfield, Illinois, 1952, Chapter III. The )
23X is from p. 74.

3. Ropp, War in the Modern World, p. 319.

4, Winston S. Churchill, The World Crisis, one vol. «.,
Now York, 1949, Based on tables R, B, and 1T,

5. mm’ Op. 1tu’ P. 667,




other side to counter the l:th i effscts of the weapons.” Such
discussion.also lays the basis for & consideration of the pro-
cess by which sajor advances in lethality are assimilated into
existing inventories of weapons, procedures, and ideas.

Mvances in lethality in this study are:considered primarily
in terms of an informed jw'gmwent of the inherent capabilities of
the weapon itself, rather than of the casualties it has inflic-
ted. This approach seems justified, for example, because the
relatively crude weapons of the American Civil War killed in
action 21.3 men per 1,000 per year. The comparable figure for
US soldiers in World War I was 12.0, and World War II, 9.0.”

No one would argue, however, that the earlier weapons were mcre
lethal; the differenc: :n-casualties lies in the adjustment of
tactics to the inherent capabilities of contemporary weapons,
dispersion being a major factor.

Definition oi Major Mdvances

It now remains to define what this study means by referring
to sajor advances in the lethality of weapons, and intwrrelated
developments in tactics and organiration. A major advance is
one that changes the nature of warfare. It is a rsvolutionary
change, which may be followed by a series of evolutionary
changes, with which it should not be confused. Thus, the Maxim
recoil-operated, belt-fed machine gun was a revolutionary weapon.
Later machine guns were better weapons but have been part of an
svolutionary process. MNajor advances of a revolutionary charac-
ter may be made in tactics and organization when a new weapon
is assimilated, or when a significant change is made in the
employment of existing weapons. Thus, the German panser divi-
sion of the early days of World War II, which showed that the
tank had been successfully assimilated, was a major -advance.

The number of major advances in weapons and tactics in the
coursc of history is relatively small, From the time when
Philip of Macedon incrvased the lethality of the pike and then
,oxploq.tod its combat effectiveness by building the phalanx

M e SLEam BeA A Gamrdemms @  GEstiems w \EVE T e @ - . e e Gweme G- mempie mrem s =

6. Battle Casualties, op. cit., Table 4B. Deaths in actio:.
elintnaces the wed0il QuastisR. — _
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arocdind it (c. 355 B.C.),7 to the in: soduction of the atomic bomb,
this study has recognised 18 signifacant developments in weapons
and their lsthality. .

Listed below are these major advances in weapon lathality,
with a brief statement of the significance of each. These are
14sted also in Appendix C on an analytical chart showing the
processes of adoption and assimilation for each of these weapons,
and Indicating their relationship to some of the more important
tactical systems of history.

As suggested above, it should be emphasized that the
advances in lsthality over the course of military history have
not been due exclusively t: :aapons. Thus we note that there
have been a number of ancillary technical developments affecting
pon lethality--of which irdividual arwor would appear to be
4 significant manifestacion. Accordingly, in Appendix D
have listed 16 of those developments which we have conoidered
in relationship to tle advancement of weapon lsthe
We have alsc prepared an analy-
ix.E) to show when and how these developments
purposes, and the military systems .
contriduted. For cross-reference purposes, U
summary of the major tactical systems of
in Appendices C and E.

Major Mvences in Weapon Lethality

1. 1s% sarissa. Lengthened by order of hilip
shortly or «C. 80 it was appreciably’ longer
temporary pikes. It wes used in the v  an organisation

con'
of 4,096 trainsd professionals, emp outstanding suc-
cesges by Philip and Alsxandér somswhat like a modern division.

2.”%5_%?&. A hea7y weapon, two feet long, the Roman
short s was adopted about 250 B.C., primarily to thrust int»
the vital organa, causing either instant death or fatal infecti.q;

its weight and breadth also permitted its use as a hand axe.
Roman swordswen were orgé: ised into small units of 120 wen each,

7. As suggested in Annex IXI.D, the proceil say have been
inverted. ;
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deployed in battle in a flexit}. formation that was prepared on
short notice to move or fight at any point of the compass, with
each soldier fighting as an individual, but so trained that by
his efforts he was an element of a coordinated fighting machine.
These units, plus light infantry and cavalry, formed » combat
team, the ion, some 4,500 men scrong, again roughiy compar-
&ble to a ern division.

3. English longbow. Welsh hillmen before 1200-A.D.8
apparently gmﬁﬁ? a longbow made of yew-wood that could be
fired rapidly, end reputedly could drive its arrow through four
inches of ocak. But men had to train from childhood to use the
weapon effectively. Although it was a significant increase in
lethality over all otley European hand-bows, it was in fact not
much more inherently lsthal than the slower firing, somewhat
clumsy crossbow, which appeared in Europe about a century before
the longbow was adopted by the English. The longbow was not
significantly effective in combat until the English kings
Edward I and his grandson Edward III, used longbowmen in great
numbers to provide a base of fire for defensive-offensive tac-
tics in which bowmen, light and heavy infantry, and small parties
of elite arwored cavalry operated in close and disciplined
cooperation.

4.
the reflex var , and about as
built up from horn and wood, and
traeined from childhood to ride p
sophisticated cosmand and control s
Xhan, guided by first-rate intelligence
tion with more heavily armored lancers,
ficantly wore effective than any we
forces were virtually invincible during

Age oi_Gunpowder

Gunpowder by itself is Jerely a miM
It was known in Europe wy 1250. It was to
someone discovered how to make it lethyl by oconf
igniting it in an open-ended tube. The full assimilation of

— o m———armi— ————

8. There is evidence that a fuil-acals prototype of the
longbow existed in Egypt nearly 3,000 years before the Christ ian
era. There is also some quistion of the Welsh origin of the
English bow; it may have been developed in England,
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gunpowder took nearly 400 more yosr., but by the middle of the
15th Century gunpowder waapons werv clearly demonstrating a
potentially significant increase in lethality.

S. The firs: n. By 1326 A.D. gunpowder was being
used to hurl small miughs at castle.gates. The device it -was
fired from, however.cride, was a canron and made gunpowder lethal.
it was, therefore, the fundamental jump to lethality for gunpowder.

6. sbus., About 120 years later, the first reliable
hand-gun was ed. From it the matchlock arquebus was deve-
loped by the wmiddle of the 15th Cantury. Its siow rate of fire
offered real problems to the user, who was both ineffective and
defenseless while veloadint. Solution of these problems was

) in a combination of (a) protecting the vulnerabls arque-
busier by formations of pikemen and (b) having arquebusiers form
in £files ten deep to fire in turn, each man to
the rear to reload. This tactical solution was best exemplified
in the so-called "Spanish square’ (early 1500s).

7. nts of Gustavus Mo + The improved
and more weapons were a major
element in his generally reforwed military system, whose tactical
and organisational chang s were the foundation of European mili-

practice for the ntict three centuries. .By issuing cartr s

of an idea developed much earlier
of fire of musket ard cannon. To
r he initiated tactics

relatively deep mass of the Spanish square. To exploit increased
artillery firepower he lightened tubes and carriages, and
improved artillery organization, providing a significant increase
in taci::cal mobility and efficiency over previous contemporary

8, Flintlock and ?%t. This combined a simpler, more
reliable gun with a - weapon that made the gun lsthal
sven after it had been fired. Introduction of +he »ing bayonet
ended the long transitional neriod in gunpowder, since pikemen
were no longer needed to protect the soldier with an unloaded
gun. Becoming generel in Europe about 1700, this combination
remained standard until well into the nex: century, i.s., about
125 years. Linsar tactics and smoothbore cannon were perfectly
matched to the inherent lethality of the flintlock and bayonet.




Age of Teghnological Change

The weapons of this period as a group constitute a quantum
Jump in lsthality over their predecessors of the Age of Gunpow-
der. 8ince they were introduced in relatively modern times, with
better records available, the circumstances of their invention

and of relat«d developments are much clesarer and lend themselves
wore r.adily to analysis.

1849).
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into as many as 30 fragments. Thue on fragwentation alone, high-
explosive shell was theoretically .-200 times as lethal as black-
powder shell,

14, Bol.ti%gutcd magazinn rifle ic. 1895). There hxd been
numerous magazine rifles various a s for nearly half a cen-
tury, but the vastly improved Mauser became the prototype ol the
szandard infantry rifle of the world's armies on into World Wer II.
The principal factor increasing lethality was greatly increased

ate of fire. Outstanding was the American Springfield, M1903.
Largely for finaiicial reasons these rifles were slow in being
superseded by the semiautomatic rifle, nearly half a century
later.

15. Tank alslsz. The internal combustion engine driving
an endless tra e it possible to give cross-country mobility
and armor protection to machine guns and light cannon. This
made them significantly more lsthal than unprotected horse-drawn
or man-carried weapons. The tank was a mechanical step roward
solving the tactical stalemate created in World War I by the
recent previous advances in lethality.

16. F%g!\_;u-m (1917). This aircraft introduced new
dimensions ty, , and reaction time to the pro-
blem of putting a relatively large projectile (or machine-gun
bullets) on a point target. (Also note that medium and heavy
bombere could be used on tha battlefield on an ad hoc basis.
The German Stuka dive-bomber was a briefly successful freak
early in World War II, rather than a significant increase in
lethality, because the enviromnment could be made too sffectively
hostile to 1t0)

17. Ballistic wissils (1944). By its range, all-weather
capability, and relative ﬁ%umn to countermeasures, this
German inventiond (unveiled in 1944) greatly increased the leth-
ality of its warhead. It was the prototype of & whole family to
which taccics and organisation are still responding and--if only
because of its quantum jump in range--constituted a significant
increase in lsthality.

18, ;%‘1_91&. In part because its first use in -
strategic . was universally publicized, and its leth-
ality generally appreciated, this weapon has been unique in

9. Based largely ujon theoretical rocket developments pio-
neered by an American, Robert H, Goddard (1882-1945).

14
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offensive--had completely misread the situation and made no
adaptation of their infantry tactic Dbecause of automatic weapons
and high-explosive shell, although they had devoted much atten-
tion to improving the quality of their artillery.

As a result of only pazcial recognition by the Germans of
the defensive power of the combination of earthworks, machine
Juns, and high-explosive shell, and the even greater lack of

) ion by their Allied opposite numbers, there wae & tac-
tical stalsmate on the Wastern Front for three years. Political
and strategic pressures interactad with this incomprenension to
cause five major Allied offensives to the Germans' one; all relied
primarily on frontal assault behind massive art

Allied casuslties were astronomical, with little to show for thee,
although German losses were also very heavy.

Both sides sought ways to end the stalemate and to cut the
cost of the unsuccessful efforts to break it. The Frenco-British
solution was at first simply mechanical: the tank. Their decision-
makers were willing to add the tank to their inventory, but not to
change tactics, dootrine, or organization. The Germans decided to
change tactics, organisation, and doctrine, but missed the poten-
tial importance of the tank. .

In fairly repid succession the Gerwans introduced
triangular division, and then combat teams built
of £ire and a maneuvering element;, and acting in
pendence but strategic coordination. In using-machine
mortars for an offonsive base of fire, this system was
fully tc assimilate automatic weapons and high-explosive.
tactics were able to overcoms the Allied defenses, and in 1918
to maks-major breakthroughs--saich, however, their logistics
could not support. The importance of these new tactical develop-
ments was recognized by the Allied side,and they were appliat’ in
cumy by them, with tae aiced adventage of the tank, which f£itted
peiectly with the new vactics,

The lessons of 1918 were subsequently exam’ned by all Creat
Powers; but Germany, with a thorough research eiiort into past
experience and current techn logical advances, backed by adequate
financisl support from the government, made much more effective
advanoss betwesn the swars. Basing their new tactical system upon
the infantry combat team concept they had developed in 1917-1918,
the Gerwan military plannurs elaborated the concspt by using —
atwor in mass (while teaming subunits of arwor with subunits of™
infantry), and by providing radically improved tactical air sup-
port to supplement and (if necessiry in mobile warfare) supplant

20




artiilery. A flexible, decentrc.ised, command system permitted
taking full advantage of the £lexibility of such combinations.
with this doctrine, the tank and the fighter-bomber may be said
to have been fully assimilrted iS5 land warfare.

Following the German innovations of 1918, infantry deploy-
ments opened up for the third time since the handgun firsy
beceme an effective weapon on the battlefield.)}2 The line was.
now replaced by small tesms of men, combining firepower in temms
of air and artillery support. Making full use of surprise,
cover, and tactical mobility, the teams could saturate a small
portion of the defense system with fire, exploiting the defense's
problems of judgment and reaction time by & combination of m2ss
(essentially massed firepower) and maneuver.

antry concepts, pionesred by the Gersanc in
1918, and brought to full development by integration with arwor
and air in their Dd1i tactics of 1939-1940, were not
materially urang course of World War II. They were
enbellished and mciified to some extent in the two principal .
varieties of interservice task force operations which contributed -
materially to f£inal Allied victory in the war. The first of
these was an Anglo-American aditation of German pioneering air-
borne efforts. The second was t.~ ‘Anglo-Americen perfection of
amphibious asssult techniques. Fundamentally, however, despite
a considerable amount of independent and parellel d ’
these interservice task force concepts were technical adaptations
of the basic German combat team tactics.

12. The previous times having been: (1) the linear syster
of Guotavus Adolphus and (2) the gradual dispersal forced by
fivepcwer in the Civ’l War, Franco-Prussisn War, and Russo-
Japaness War, without, however, changing linear concepts.
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Chapter IIX
ORIGINS OF MAJOR ADVANCES IN LETHALITY
Basis of Analysis

The analytic portion of this study is prisarily based on
developments in modern times, beginning with first stepe asay
from the old flintlock, in the 1830s. In earliar days, creat-
ing major advences in lethality and assimilating them was the
work of individuals, whose appearance was in large measure &
matter of accident. With the 19th Centucy, industrial, mili~
tary, research, and administrative institu.ions began to
emerge in the several Great Powers of Europe ad in Nooth
America which could exploit the "greatest invention of the
Nimti mth Century . . . cthe invention of the method of irven-
tion. " *

New interest in research, and communication between
various institutions engaged in it, made it possible for aili-
tary thinkers, as never bafore, to take advantage of the sci-
entific and technoiogical changes that began tc come ever :
faster. Thus, beginning in the mid-19th Century major ad-
vances in weapons lethality and in tactics and. organizations
* which could best exploit them were closely lirked.with changes
in science and technology, although for much of the century
military developments lagged far behind.

13, Alfred North Whitehead, Science and the Modern World,
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Time of Origin of il:ic Advances
in _Lethality Since 1830

Thedates of origin of the significant advances of the Age
of Technological Innovaiion are curiously bunched. The conoi-
dal rifle bullet, an effectiv. breech-loading rifls, and breech-
loading riflsd field artillery appeared between 1841 and 1849,
The modern machine gun, the high-explosive shell, the Hauser
bolt-operated magazine rifle, ..okeless powder and quick-fir-
ing modern artillery appsared between 1883 and the mid-18%0s.
The tank and fighter bomber appeared in a two-year period,
1916-1917. Atom Iomb and builistic missile were introduced
within a year of /iach.other in World War II.

The first <wo groups of significant advances noted above
were conceived in peacetime. Noteworthy progress wes.
for an iten of each group about 1S years after the
vious majcr hostilities. Workable models all appeared in
group, as noted above. The explanation may-
have laft both budgstary

one considers from what types of individuals signifi-
increases in lethality have come, the lines of division
to fall not between wnilitary and civilian, but between
individuals and groups, and between private sgeoncies and

24
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government. Both the types of weapons and the period in time

‘ seem to be important in drawing th 1lines. In general, the
men associated with the development of small atms wers civi-
1ians, and worked essen.ially as individuals, although there
were a significant number of military men involved as well.
Because of the foundries, laboratories, and metal-working
machines required, sMajor develozments in artillery and ite
Jamunition were sponsored by private manufacturers in Great
Britain-and government arsenals in France and Germany. The
actual inventions affecting artillery and asmunition are to a

extent--but not exclusively--associated witi the work of

civilian technicians and chemists, mostly in the large private
or government manufactories.

Up to 1900, the principal problems involved in gunpowder
weapons had been those of weight, smoke, reis:u, rate of fire,
range, fusing, fragmentation, and accuracy. These problems
were centuries old and well-known. There seems to have been
no case of a government's placing a requirement that any of
these weapon deficiencies be solved. When advancing tech-
nology offered the possibility of a solution some individual
would eventually see the opportunity, would create something,
and then offer it to the government, The role of government
arsei:als in this process was distinctly minor, limited to a
fow zrtillery developments. The classic picture was that of
the inventor trying to sell his new discovery to a govern-
went agency. That a govermment agency should ask inventors to
produce new and more lethal weapons is decidedly new.

In World Var I the process of originating significant in-
creases began to change. As a result, while aircraft, the
tank, ballistic missiles, and the atomic bomb all trace their
origins to the basic concept of an individual civilian, in each
case they were made into weapons through major effort of one or
more govermment agencies, with both military and civilian parti-
cipation. The shift was from small private Industry to large
governmental agency. That is, up to 1914, a private person or
firm would have seen opportunity or need and done something
about it. Beginning with the idea of a track-laying armored
vehicle in the fall of 191 the subsequent process has largely

L]

14. The major pro:lem of obturation=--or sealing a breech-
loading weapon--had been solved earlier by the introduction of
self-contained, metal-cased cartridges.
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(but not entirely) been for someone in government to see a need
to get enough support from his svza:'srs, and to' initiate a pro-
cess that results in placing demanus on private industry. Both
military and civilians are usually involved at every stage.

By nation, most of the pre-1914 innovations divide aimost
evenly among the three industrislised Great Powers: Frarce,
Germany, and Great Britain, Hiram Maxim, the inventor of the
m.Gern machine » Was an American, but it is significant of
the temper of times in the United States that he moved to
Great 3ritain and did his work there in connection with the
great Vickers arms manufactory. These three powers, very con-
scious of their neel for effective arms, possessed of advanced
technologies, and with relatively ampls dudgets, offered the
best prospects to inventors and manufacturers. After 1917, the
United States joined this group and has since taken the lead.

Stages jn Introducing Major Advances

In every case, the 'idea of an advance came far ahead of the
development of a workable device. For instance, Leonardo da
Vinci thought of the tank and the airplane some 430 years before
they could be built. Experiments were tried with ‘bresch-~loading

cannon and explosive shell in the same.period.

With the coming of the Industrial Revolution it became pos-
sible z build all of ﬁ_\_u;hfmau:?fmd then to improve
significantly upon them. interval from concept to prototype
to item of issue also shrank progressively in keeping with the
ever faster rate of technological progress. Thus, from the
first breech-loading cannon to-a safe, practical model, took at
least 40C years. From this cannon to the "French 75" took S1
years. From the first £light of a tiny model aircraft in 1795
to the Wright Brothers' man~carrying model in 1993 the interval
was 108 years, and from.ther to the fighter bomber in 1917 an-
other 14. Technology now provides a stock of knowledge that
permits a faste. and--thus far--accelerating traislation of the
idea for a weapon into the thing itself,




Chapter IV

THE ASSIMILATION OF SM_
ADVANCES IN LETHALITY

It is necessary to distinguish clearly among: (1) making a
workable prototype weapon that marks a significant increase in
lethality; (2) its adoption by armed forces; and (3) its assimi-
lation, i.e., adequate reilaction of its capabilities in tactics,
doctrine, anu organisation.

Adoption: The F Ste, Assimilation

The invention of a workable weapon thet cén provide for a
significant increase in lsthality has not in the pastguaranteed
either that it will be promptly purchased by any armed force or
thet if bought it will be purchased in sufficient ‘quantity to be
standard issue. British Major Patrick P‘ﬂ“‘“" invented a
serviceabls breech-loading rifle in 1776. Soms 90 years latar
the Union boughit enough repeating breechloaders to equip a portion
of its forcee, but for the most part fought the war with single-
shot -sussle loaders. Not until the Seven Weeks' HWar in 1866 was
the mussls-loader really supersedad.

The interval between invention and adoption reflects several
things. It must be borne in mind that man is not everywhere and
at all times at war; industry, comeerce, lov, medicine, and
engineering ara continuous. New devices and new ideas in these
latter fields can be trisd out at any time. Competition is pres-
ent. In sharp contrast, wars have sometimes occurred at very
long intervals, and before 1914 there were ssveral such intervals.
Thus, a French officer commissioned in 1872 at 21 years of age

15. Both the Fiench and Austrian armies had experimented
with breech-loading musket carbines as wmuch as 50 years earlia:,
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The above considerations apply everywhere; there are no clear
patterns of national behavior in regard to adopting wespons
Instances can be found where national problems or practices caused
a power to lag in adopting a certain weapon, but these are cases,
not patterns. The Russians s*ressed the bayonst and in
adopting the machine gun; the Germans stressed toe

, ) gun
‘and lagged in adopting the tank--which the British had invented

to ccunter German machine guns. To drew conclusions about nation-
al behavior from these cases is imposgible.

16. Max «lanck, Autob -
coune. 5. ey, a.%&ﬁm%z..

Kuhn,
150.
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Intervel Betwaen Adoption and Effective Use

It has alweys taken a whils for a weapon to.become a fully
contributing mamber of the current arsenal of weapons, i.e., to
be used in a way that capitalised co the greatest possible extent
on its characteristics and potentialities. This is to a consider-
able degres necessary, as expsrimentation is ordinarily required
with any new device to see how it will perform best. This time

is further influenced by the current mode of thinking,
invariably tends to try to f£it a new weapon into existing
tactics, and changes the tactics later only as it becomes appa-

rent that the new weapo: ;2rmits, or demands, such changes.

This is clearly shown in the case of the arquebus, the
£irst handgun that was sufficiently perfected to be edopted on
It was adopted generally in the second half of
th Century. But it was first used in the manner of fight-
usual at the time, by massed infantry, firing in
fashion the men firing the weapon were defense-
contribute nothing to the battle during the
long period of time which it took to reload the arquebus. It
vas some 50 years before the device of the countermarch was
eveloped, 80 that the men in the first rank of files of ten

t
fired, then moved to the rear of the line to reload whils suc-
cessive ranks followed the sams procedure.

This was the first effective solution of the use of individ.
ual gunpowder weapons in combat. From then on, other types of
handguns could be used on the battlefield prectically as soon as
they were invented. It doss not follow, however, thet this ini-
tial use was their most effective use; in general there was a
period of experimentation of 20 to 30 years. The same was true
of the first radical s in artillery weapons, late in the
19th Cextury. The uses of both tank and combat aircraft were
postulated before or with their introduction in combat; the pro-
blem with each was that of properly exploitirgthelr inherent
lethelity. The baliistic missile from the first has been used
essentially as long-range artillery, but again assimilation has
been slow. Nuclear weapons have offered tactical difficulties
of a conceptual nature comparabls to those which affected the
introduction of effect:ve gunpowder small arms; at present there
seems to be no reason to think that assimilation will be any
easier or quicker.

The lapse between ir-ention and demonstration of a weapon
and the settling upon its application in battle was apparent at
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date considered by ::’uyshﬂy (1953) the process
of assimilating nuclear wespons had just begun and was proceeding
under severe handicaps.

s of Assimilation of New
Weapons and New Concepts

Before ing an analysis of the process of assimilation,
it will be helpful to make clear the distinction we make between
ailitary creativity and a.similation. In this study we have con-
sidered that military creativity is the ability to develop or
generate new things (weapons and equipment), new ideas, and new
ways of relating things to ideas. Assimilation is the process
_wherveby new things or new ideas are made compatible with exist-
ing situations, crganizations, and attitudes, so that these new
entitiss are employed as «ffectively as the mores and technologi-
cal development uf the times will permit. 7Thus, *0 a substantial
‘degres, cieativity is essential and basic to assimilation, dut
creativity does not autwatically assure assimilation.

Neither military creativity nor assimilation can be con-

sidered in a vacuum, but must be related to the processes of
and of adaptaticn of society as & whole. Because new

military developments have appeared with increasing frequency
since just before the miuclle of the 19th Century, and because
armies have subsequently becowe progressively more sophisticated
and complex, it might not bs unreasonable to assume that both
the processes of military innovation and military assimilation
have improved and accelerated in this recent period, Our present
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study, however, would suggest - .at this -is not so. Society &s

a whole has besn undergoing dramatic changes following the
hear-simultaneous appearance of the French and Industrial
Revolutions, and unquestionably this process of technological
and social change has been accelerating. It appears, however,
that military innovation and assimilation lagged somewhat during
much of the Industrial Revolution and may not yet have caught up
with the fast pace of change in society as a whole.

As suggested above, this study assumes inat the assimila-
tion of a new weapon is the process whereby the employment of
the weapon is made compatible with existing situations, organi-
zations, or &+*itudes so that its capabilities are adequatal
reflected in tacties, organization, and doctrine--or, in other
words, when its capabilities are used to the greatest possibla
extent and its limitations minimized. It is relatively easy to
ascertain from observation, or from the record, when a weapon
ie not assimilated; it is almost as easy to find a time when the
weapon has been assimilated; it is less easy to ascertain
exactly when the assimilative process is accomplished.

When a radically new weapon appears and is first adopted,
it is by nature incongruous with existing weapons and doctrine.
This is reflected in a number of ways: uncertainty and hesita-

tion in ccordination of the new weapon; inability to use it
consistently, effectively, and flexidly in offensive action,
often lsading to tactical stalesate; vulnerability of the weapon
and of its users to hostile countermeasures; heavy losses inci-
dent to the employment of the new weapon, or in attempting to
oppose it in combat. From this it is possible to establish the
criteria of assimilation as follows:

a. Confident employment of the weapon in accordance with -
a doctrine which assures its coordination with other weapons in
a manner compatible with the characteristics of each.

b. Consistently effective, flexible use of the weapon in
offensive warfare, permitting full employment of the advantages
of superior leadership s~d/or superior resources.

c. Capability of dealing effectively with anticipated and
unanticipated countermeasures, .

d. Sharp decline in casuaities for those employing the

weapon, often combined with a capability for inflicting dis-
proportionately heavy losses on the enemy.
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Appendices C and E provide iniurmation regarding the adoption
and assimilation of weapons of greatly increased lethality, and
the application of significant ancillary technological develop-
ments which have to a significant degree directly or indirectly
enhanced, or contributed tc, the lethality of weapons. These
appendices suggest the following hypctheses regarding the assimi-
lation of wespons of the past:

1. There have been three basic preconditions historically
for assimilation of new weapons or ideas:

a. An imaginative, knowledgeadle leaders focussed on
military affairs, supportet by extensive knowledge of, and com-
petence in, the nature and background of the existing military
system,

b. Effective coordination of the nation's economic,
technological-scientific, and military resources.

c. Opportunity for battlefield experimentation as a
‘basis for evaluation and analysis.

2. When these conditions hLave been present, there has -
usually been a time lag of approximately 20 years, or one genera-
tion, between the initial, experimental adoption of & new weapon
and its full assimilation. It is notable that this time lag does
not seem to have changed much over the course of the past century,
despite the faot that science and technology have been producing
new weapons, or adaptations of weapons, in accelerating numbers.
When the conditiws. have not been present (which was frequently
the case before 1830) the process of assimilation has been slower.

3. New weapons, or modifications of new weapons, have
generally been developed because scientists, technicians, or
soldiers have perceived an opportunity to develop a new weapon
or improve an existing one. Only rarely in the past have new
weapons been designed for the specific purpose »f coping with a
tactical problem.

4. There has been a natural reluctance to make a sweeping
change in tactics, or organiszation, by widespread adoption of a
new and untried weapon before it has been thoroughly investijated
under battle conditions. There is some evidence (not conclusive)
that intelligent boldness in this respect can pay handsowme divi-
dends (as the Prussian :loption of the needis gun), Despite this
reluctance and despite the likelihood that optimum assimilation
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will be impossible withont battief .2ld testing, the increasing
pace of invention is placing pressures on the military today
to make such sweeping changes.

S. The substantial leadership in military affairs enjoyed
by Frussia, and then Germany, over a period of about a century
{c. 1840-1942) did not stem from any inherent intellectual,
scientific, or fighting superiority on the part of the Germans.
Rather it stesmed from their earlier realization of the signi-
ficance of the impact of the Industrial Revolution on warfare
in terms of increased complexity in weapons and of the methods
of employing them. Thus, much earlier than other nations, the
Prussians so organized themselves as to acquire systematically,
and without dependence upon chance, the kinds of competence
indicated in the first and second preconditions for assimilation
of weapons (items l-a.and b, above), and this systemstic organi-
zation also permitted them to exploit fully and promptly their
own battlefield experimentation and that of others. The initial
advantage resulting from this systematic organization of German
m:l.nuy affairs, exemplified by their Army Great General
Staff,*’ persisted at least to 1942.

From this German example, and those of the other great -
powers who have followcd the German pioneering work in general

staff concepts ard in relating military affairs to national soc-
iety as a whole, it is possible to refine for the mid-20th Cen-' -
tuvy the second of the three hypotheses regarding preconditions
of assimilation as follows:

a. There must exist industrial or developmental research
institutions, basic research institutions, military staffs and
their supporting institutions, together with administrative
arrangements for linking these with one another and with the
top decision-making echelons of government.

b. These bodies must conduct their research, developmental,
and testing activities by mutually familiar methods so that
their personnel can communicate, can be mutually supporting, and
can evaluate each other's r-sults,

c. The efforts of these institutions--in related mattsrs--
must be directed toward a common goal. .

- an A e m— -—

17. It should be 10ted that this wus never an interservice
goz:al staff, in any way comparabls to the current US Joint
] .
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It is evident that iiia proces; of systematic development of
new and more lathal methods of warfare is a very expensive one.
Thus it is important to assure maximum efficiency in the coordina-
tion of the efforts of the institutions concerned and in the pro-
cedures followed within the institutions. Our investigation indi-
cates that this effort can benefit by use of mathematical tools
oi management analysis and control. (See Ammex III-F.)

What is 1ot yst clear is whether our new methods of peace-
time experimentation--through sophisticated wargames, computerised
svaluations, and the like--are in fact sufficiently realistic to
provide adequate substitutes for battlefield experimentation (the
third preconditi~n). There is good reason to believe that, at
present, they are not.

More useful, perhaps are attempts to recreate in peacetime
the test of combat under physical conditions that sisulate war
as closely as possible and that also permit study. We have rea-
son to belisve that such attempts, as at the Combat Dsvelopment
Experimental Center at Fort Ord, have been useful, but still
inherently lack the physical and psychological elements of con-
flict, risk, and destructiveness which are the essential slements
of combat, and without which there can be no real combat trial.

. It has been brought to our attention, however, that the
Institute for Defense Analyses has vecently successfully investi-
gated engineering methods of integrating two previously unrelated
technological testing methods which might permit actual recrea-
tion of combat conditions for testing weapons and tactics, at
least on a limited scale. This investigation, as we understend
it, has been the marrying of the most recent methods of individ.
ual television surveillance and of the remote handling ot redio-
active materials, to permit actual projection through “telsfactor"
of an individual's intelligence and reactions to control of
objects in space through television and telemetry. The -
tion of a workable prototype is anticipated within two years.

If the system works as enviszged (ard there a »s to be no
scientific or enginsering reason why it cannot), it oould be
applied to the testing under full combat conditions of opposed

18. A report on this matter can be expected from the Insti-
tuts for Defense Analyses shortly after November 1, 1964. Contact
at IDA is Mr. Willism Bradley, Deputy Director of Research, who
instigated an intensive investigation of this matter in a 1964
IDA Summer Study. .
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weapons or weapon Systems, taar .gainst tank or antitank weapon,
aircraft against other aircraft or antiaircraft defenses, etc.
Even broader applications may soon be possible to perait, for
the first time in history, actual armed conflict between human
opponents, with no limitations on effests of wespons, without
danger to human life. The significance of this lo tactical
development is obvious, in light of the preceding discussion.
The possible combat application of the "telsfactor” concept is
perhaps more fascinating, but beyond the scope of this study.




“assimilation, which is discussed above. X2 ors
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Chapier V

CONCEPTUAL ASPECTS OF WEAPON LETHALITY

Weapons, Tactics, and the Balance of Power

Until very recently there had been no instance in history
in which a new weapon, by its very lethality, has been able to
affect the international balance of power. There are, of course,
numercus examples in which a new tactical system, based upon the
assimilat of a weapon or group of weapons, has the

of power, at lsast temporarily. In this study we have
noted,. for instance, such tactical systems as the Macedonian
phalanx, the Roman legion, the Mongol touman, the English "bat-
tle,” the linear system of Gustavus Adolphus, the Prussian
battalion of Frederick the Great, and most recently the German
bucskr% combination, all of which were based upon the imagin-
ative ut tion of new or radically modified weapons, ard all
of which directly affected the world balance of power. It is
significant, furthermore, thet there was in
substantial time lag between the appearance
and its application in the new system in such a way as to change

of
g
g
i
i

- the balance of power.

The basic reason for this, of course, was the problem of

the
weapors was so powerful in its own right that its mere presence
on. the battlefield would assure victory. Thus, prior to our own
time, weapons have influenced intarnational affaire only indirectly
and graduslly. .

The closest thing to an exception seems tc have been the
threatened antipopulation use of the long-range bomber: aircratt
in the late 1930s, primarily by Hitler. This threst certainly
permitted Hitler to consolidate his control of Central Burope,
as was clearly evidenced at Munich, in 1938. Mut this was oniy
one of a nmber of tactors (though Gerhaps peychologically the
most important at the time). Not nnly wes the decisiveness of
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air bombardment by high. explusiv+~ alone doubted by enough
ailitary and political leaders to put the issue to a test within
a year, but its significance was soon proven to be somewhat over-
rated lo\nn though far more effective than many conservative
wilitary men had suspected).

But sevan years after Munich a new weapen appeared which
permitted aircraft bombardment--simply &s ths delivery system--
%0 ssoomplish destruction of a magnitude and intensity which had
never been dreamed of by Trenchard, Douhet, or Mitchell. This
wea the atomic bomb, of course.

Muclear weapons unquestionably have the capability of affec-
ting the balance of powss. To date their mere existence has
m.umofamemmrhmnhctmmwm
Cemtrel Burope and elsewhere, despite a massive Conmunist super-

. in ground forces.

Untdi? *m power of the atomic bosb was demonstrated, no new.
m“h;c been 30 unmistakably revolutionsry that its mere
clearly in"® “ged national policy and stretegy. And,
even in the case of 1887 weapons, tactical and doctrinal
responss has been dif. icult and slow. As is clesar from the dis- O
ton in Annex III-J, the implications of the tactiocal esploy-
of such weapons are still matters for sureise and oonjecture.

:

Impact of New Concepts o'mBnpl_gm_t_ of
Existing Weapons '

Military tactics, organisation, and doctrine arve wuch more
1ikely to be affected by new ideas, new concepts of employing
wen and weapons, than by the appearance ¢ now weapons. alone.
More of.en than not it has besn the applicetion of sound, imegin-
ative thinking to existing weapons which has caused the great
developmants in military affairs, and which iés affecved inter-
national relations. Even the new weapons which were the basis
of the revolutionary Macedunian and Roman tactical systems were
in reality only modifications of existing weapons.

The importance of new or. imaginstive ‘%m nilitary
affairs--as opposed simply to new --Caf Dest be gauged by

the fact that it has almost juvar ? now ideas whish have
permitted inferior miritary forces: tC¢ overcome forces that were

larger and/or better equipped. Hannibal was an outatanding
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example of ““is in antiquitv. He had no new.weapons (his ele-
phants. were relativcly ineffc.cive against the Romans), his
troops were inferior in quality, training, and weapons. His
amasing string of successes was due to his ability to uss com-
bined arms, to improvise both strategically and tactically, and
in particular to his focus on maneuve , He has rightly been
called "the father of strategy;"” and his imaginative t‘y\:l.\\kw
stimulated the development of the modern Schlieffin Plan.

The equally astounding successes of Jengais XKhan were
achieved in almost every instance against forces that were numer-
ically superior and which had_similar or cowparable weapone. -
Unlike Hannibal, Jenghiz invariably did enjoy superiority in
training and discipline, but this alone could not explain the -
extent or nature of his conquests. The reason was an Incompar-
able genius for developing new ideas in organisation and admin-
-stration, combined with the same kind of imaginative tactical
ard strategical geniue which Hannibal had displayed. DMew ideas,
umuctdg&uﬂcmfohhoppomnt:,mﬂummfor
success.,

Equally relevant, although a different kind of exampls, is
the way in which-the Swiss used the J.ong“gko-ahont identical
to the Macedonian ==to dominate pean battisfields for

a century. Combining tactical mobility, speed of movement, sur-

prise, .and an unfailing offensive spirit, the unarsorod Swiss,
in dense columns not unlike the Macedonian phalanx, charged at
the i to overviela heavily arwmored knights cn horse ‘or on foot,
as well as all other varieties of sadieval infantry. They were
for a vhile abls to maintain an ascendency over early gunpowder
weapons, as well, dashing through the beaten sones befure enewy
fire could do them serious harw, ‘or-.elie &ttacking by surprise
from an unexpected direction before the clumsy existing systems
of command and control could respond.

There is, of course, no better .exampie of the impact of
ideas on existing weapons than the silitary system.developed by
Gustavus Adolphus. As we have seen, he not only wmodified .weapons
drastically, he combined them into a military system which, to
some extent, has lasted to our own day.

Another example is the adsptation of the flintlock musket
to linear tactics bv the Prussians. They were not {he only onas
to do this, but King Frederick William I sponsored i:he develo: .
ment of an iron remrod which, when exploited training, per -
-mittad an increass in-the vate of fire of the sian infancry
without in ény way changing the veapon of its method of operatiou.
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Prussian training, discipline, and superior firepower--as well
as his own imaginstive genius--were then exploited by Frederick
William's son, Frederick the Great, to make Prussia A great power

)

and to change permanently the balance of power in Europe.

Napoleon introduced neither a new weapon nor a new tactical
system. Although he was an excellent tactician, his principal
impact on warfare was the injecticn of new and imaginative ideas
into grand tactics and strategy--the most important of these
being his concepts of mass and mansuver. One indication of the
po;'sntial and actual: lethality of ideas can be obtained from the
comant of one of his enemies (Blucher, although the statement
has also been attributed ic Wellington), that Napoleon's mers
presence in & battle or cempaign was-worth at lsast 40,000 men.
The strategical. concepts of Napoleon, novel at the time, are now
commonplace due to the writings of Jomini and Clsusewits.

o New ideas of tactics and doctrine can also give the introduc-~
ing power the advantage of surprise. Twice within the liZetime
of men now ) ’ving the German Army has scored stunning tactical
surprises over its opponents, in 1918 and again in .1540, yet in
neither case did it use new weapons., Every item:in the Gerwan
arsenal was familiar, yet use of these weapons came as & great

surprise.

In the course of history ideas regarding the employment of
weapons have been far more important than the weapons themselves,
whether these were new weapons, or those that were old and fami-
liar. We were rudely reminded of this by the Chinese Comsunists
in Korea, who had no air support, little arwor, relatively weak
artillery, and were generally backward in terms of modern
and equipment. Yet through a combinetion of iniriative, deter-
mination and imaginative axploitation of our previously unrecog-
nised weaknesses, they inflicted some sharp dufests on American
forces. Tr different ways we, as well as the French, have been
exposed to similar lessons in Vieinam, where the guerrillas have
so deprecated weapons that they have simply used their enemies--
us--as an arsendl.

History till shows, as it has time after time, that imacina-
tion.in wealons employment can make up for clearly discernible
qualit;tive and quantitat.ve inferiority in manpower, or weaponry,
or both. .




Chapter VI

QUANTIFICATION OF FACTOR, REATED TO
WEAPON LETHMLITY

In accordance with the study directive requiresent to
"quantify increases in lethality where possible, exploratory
investigations have been made which have yielded interesting
and encouraging results. While time has not permitted extensive
study in this area, some valid conclusions can be drawn o the
basis of the data considered and results obtained,

C, . . Theoretical Lethality Indices

In ¢stempting to quantify lethality it has proved possible
- to davelop reasonable &nd consistent factors, applicable to any -
weapon, whose product will give a specific lethality value to
such wezpon, regardles: of type. We have chosen to call these
lethality values "theoretical lethality indices."

The factors are: rate of fire, number of potential targets
per strike, relative incapacitating effect of each strike, ef-
fective range of the weapon, its accuracy, its reliability, its
battlefield mobility (where applicable), and its ‘tighting mach-
ine zapability (for machines such-as tanks or combat aircraft).
Part One of Annex III-H of this report lists the lethality
indices which we have calculated for a mmber of specific i ’pes
of weapons, from the earliest hand-to-hand implements to nuclear
bombs. Enclosure 1 to ‘hat Annex provides a graphical represen-
tation of these values, plotted logarithmieally over time and
revealing clearly the major discontinuities and advances in
weapon lethality dw ing the course of histoxy,

In the calculation of these representative theoretical
lethality indices, we were struck hy the unexpedtedly high value
derived for the World War II American 10Smm howitser, substan-

(;1 tially exceeding the indices of smzller, quicker firing weapors,
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as well as those of larger picces, Hccordingly, we have pre-
paved a brief case study of the adoption andassimilation of the
105xm ‘howitser by the US Army between the World Wars; this, the
first specific instance of research and analysis inspired by the
development of our lethality indices, appears as Annex III-I to

this report,

We believe it may prove significant that we have been able
to apply these lethality indices to the problem of relating quan-
tified lethality to tactical factors such as dispersion and
mobility--as demonstrated below-=in comparative analyses of battle-
field experience in four major ware.

Battlefield Effectivensss of Weapons

In order to relate actual battlefield effectiveness of
weapons to our lethality indices, it is necsssary to undertake
detailed investigations of pertinent statistics for a number of
modern wars of the 19th and 20th Centuries, and to relate these
statistics to each other on the basis of a series of exhaustive
calculations., The time pressures affecting this study have pre-
vented us from doing more than establishing a basis for further
investigations, calculations, and comparisons. As we had feared,
the statistical material for such analysis is sketchy and in-
complete, yet we have found that there is sufficient material
for the Napoleonic: and American Civil Wars to produce soms inter-
“tmi“ potentially valuable values for the battlefield
lethality of the major weapons of those wars, These values,

the basis of their calculation, and & number of other significant
- and interesting statistical relationships, are discussed and ex~-
plained in Part Two of Annex III-H, and sevaral of its enclosures,

We feel that the potentialities of thies survey of battlefield
effectiveress, and the relationship of derived values to the theo-
retical lethality indices, camot be fully determined until pat-
terns and trends can he established by similar «ic:k (to the extent
reliable data is available) for the Mexican War, the Crimean War,
the Franco-Austrian War of 179, the Seven Weeks' War, the Franco-
Prussian War, the Russo-Turkish War, the Russo-Japanese War,

World War I, World War II, and the Xorean War, It will be noted
below that we have derive’ some general figures for the two World
Wars, but have not yet had an opportunity to investigate the de-
tails of specific battles and sngagements as we have done for
the Napoleonic and Civil Wars,
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Relationship of Lethciir iy Dispersion, and Mobility

An article in a professional military journel?d suggested
to us an avenue of.approach for investigating the relationship
between lethality, dispersion, and firepcwer, Benefiting from
our historical survey, from our analyses, and {rom our develop~
mont of theoretical lethality indices, we were able to carry
this investigation much further, and on a sounder basis, than
could previcusly have been possible,

In edsi :.., on the basis of historical data, we were able
to compare "type" (or average) armies or army COrps of 100,000
men each for the Napsiconic, Civil, and First and Second world
Wars, ‘in terms of (a) the density and shape of deployments;
(b) the speed with which reserves could be committed; and (¢)
total lethality indices for each force, derived by adding the
individual lethality indices for each major type of weapon, .
The u;iallta of this comparison are shown in Part Three of

From our study of history, we know that the major weapons
of the time had been fully assimilated in both the Napoleonic
Wars and World War II. We also know that new, unassimilated
weapons of previously unexpected.lethality had frustrated
comsanders in the Civil and Pirst World Wars.and had resulted
in heavy casualties as well as tactical and strategic stalemate,
Because of this, we are struck by the close consistency in the
relationship between dispersion and lethality in the Napoleonic
and Second World Wars, and the great differenses and inconsis-
tencies in these relationships for the Civil War and World War I,
Dispersion is seen to be much less (as it was in historical
fact) in proportion to lethality in both of those wars than it
was in the Napoleonic Wars and World War II,

Highly s ficant was the indication that dispersior in
World Wor I, siight though it was in relation to lethality, was
at the same time too great for the availaile means for commitiing
corps reserves, Lethality had obviously far outrun mobility for
that war, & situation : actified by World War II, From the cow-
bination of inadequate dispersal in temms of lethality, and

egsive disper terms of mobility, in World War I we can
y see: (a) Low a stalemate resulted, (b) why it was so

"noems

19 william G, Stewart, "Intevuction of Firepower, Mobility
and Dispersion," Military Review, March 1960,
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difficult to achieve a tactical breakthrough, and (¢) how, once
a breakthrough was made, it could not be stopped until it faltered
due to its own lack of logistical means,

We wish to stress that these calculations are perforce rela-
tively crude and tentative, and require much further evidence for
corroboration, Nevertheless, it does appear that we have -
developed a basis whereby--at least for wars in the past--we
can ascertain the adequacy of dispersal, in terms of lethality.
and mobility, as follows:

1, A combat force should be so ¢ispersed that it occupies
wn area (in square miles) ar least as large as the value of its
composite lethality index (in millio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>